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VXEVWUXFWXUHVZHUHIRUPHGRIPOHQJWKKDYLQJFRXQWHUZHLJKWFDQWLOHYHUVRIPOHQJWKZKLFKEHDURQSLHU
DQGWKHFDQWLOHYHUIURPWKHQGVSDQUHVSHFWLYHO\RQSLHUDQGRQWKHFDQWLOHYHURIVSDQ


)LJ9LHZIURPGRZQVWUHDP
7KHPDLQVSDQPLVUHDOL]HGDVDVXEVWUXFWXUHZLWKFRQVWDQWKHLJKWDQGDOHQJWKRIPZKLFKEHDURQ
WKHFDQWLOHYHUVRIWKHVSDQVDQG


)LJ*DXJHRIWKHROGEULGJH
,QFURVVVHFWLRQ WKHZLGWKRI WKHFDUULDJHZD\LVPDQGWKHIRRWZD\VRIHDFKP)LJ7KHEULGJH
FRQVLVWVRIPDLQJLUGHUVHPSODFHGDWDGLVWDQFHRIPIURPHDFKRWKHU)LJ7KHWUDQVYHUVDOORDGGLVWULEXWLRQ
LVUHDOL]HGE\WZRFURVVJLUGHUVLQWKHVSDQDQGWKHXSSHUVODEZKLFKKDVDFRQVWDQWWKLFNQHVVRQWKHHQWLUHEULGJH
OHQJWK$WWKHERWWRPSDUWRQWKHSLHUVWKHJLUGHUVDUHFRQQHFWHGE\DFPWKLFNVODE
/RQJLWXGLQDOO\WKHKHLJKWRIWKHJLUGHUVYDULHVIURPPLQWKHVSDQWRPRQWKHEHDULQJV7KHZLGWKRIWKH
JLUGHUVLVFRQVWDQWWKURXJKWKHHQWLUHEULGJHOHQJWKQDPHO\FPIRUWKHPDUJLQDOJLUGHUVDQGFPIRUWKHFHQWUDO
JLUGHU
7KHSHGHVWULDQSDUDSHWLVVWHHO\DQGLWLVPDGHRXWRIUROOLQJSURILOHV
7KHLQIUDVWUXFWXUHFRQVLVWRISLHUVRXWRIZKLFKSLHUDQGDUHHPSODFHGLQWKHPDMRUVWUHDPEHGDUHDERXW
PKHLJKWZKHUHDVWKHSLHUVDQGDUHVLWXDWHGLQWKHPLQRUVWUHDPEHGDQGDUHDERXWPKHLJKW7KHFURVV
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VHFWLRQRIWKHSLHUVLVDVTXDUHKDYLQJDQXSVWUHDPFXWZDWHUZLWKDQRJLYDOIRUPFRQVROLGDWHGZLWKDVWHHOSURILOHDQG
DVHPLFLUFXODUEDFNVWDUOLQJ
7KHFURVVVHFWLRQRIWKHSLHUVLVYDULDEOHLQERWKGLUHFWLRQVEHLQJUHGXFHGWRZDUGVWKHWRS)LJ


)LJ,QWUDGRVRIWKHVWUXFWXUH
&RQVROLGDWLRQZRUNV
2.1. Bridge consolidation 
7KHURDGVHFWRUDIIHFWHGE\WKHZRUNVKDVDWRWDOOHQJWKRIPRXWRIZKLFKPDUHDVVLJQHGWRWKHEULGJH
,QWRSYLHZWKHEULGJHLVHPSODFHGRQDQDOLJQPHQW,QORQJLWXGLQDOVHFWLRQWKHURDGVHFWRUSUHVHQWVDFRQYH[LW\ZLWK
DUDGLXVRIP
)RUWKHFRQVROLGDWLRQRIWKHUHLQIRUFHGFRQFUHWHEULGJHVHYHUDOZRUNVZHUHGHVLJQHGLQRUGHUWREULQJWKHVWUXFWXUH
WRWKHIRUPSUHVHQWHGLQ)LJ>@

)LJ1HZFURVVVHFWLRQDWWKHH[WUHPHSLHUV
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)RUWKHZRUNVDWWKHEULGJHWRGHYHORSLQVDIHW\FRQGLWLRQVDQGLQRUGHUWRNHHSWKHWHFKQRORJLFDOUHTXLUHPHQWVD
E\SDVVZDVUHDOL]HGZKLFKXQGHUWDNHVWKHWUDIILFIURPWKHEULGJH
7KHSUHOLPLQDU\ZRUNVFRQVLVWHGLQWHPSRUDU\VXSSRUWLQJWKHEULGJHGHFNLQWKHVSDQV'DQG'LQWKHDUHDRIWKH
*HUEHU MRLQWVZLWK LQYHQWRU\SLOHVPRXQWLQJRID VXVSHQGHGZRUNLQJGHFNDW WKH LQWUDGRVRI WKH VXSHUVWUXFWXUHV
GHPROLWLRQRIWKHFDUULDJHZD\GRZQWRWKHEHDULQJVWUXFWXUHGHPROLWLRQRIWKHH[LVWLQJSDUDSHW
6HYHUDOVWUXFWXUDOHOHPHQWVZHUHDOVRWDNHQGRZQQDPHO\WKHIRRWZD\FDQWLOHYHUE\FXWWLQJZLWKDFLUFXODUVDZLQJ
PDFKLQHDQGWKHFRXQWHUZHLJKWVIURPWKHEULGJHGHFNHQGV
$WERWKHQGVRIWKHVXSHUVWUXFWXUHIDOVHDEXWPHQWVZHUHEXLOWIURPSUHFDVWHGHOHPHQWVXVHGRQO\IRUKROGLQJWKH
HDUWKZRUNDQGIRUVXSSRUWLQJWKHDGDSWLQJVODEV
$WWKHH[WUHPHSLHUV3DQG3WKHEHDULQJV\VWHPZDVPRGLILHGIURPGLUHFWEHDULQJRQDQDVSKDOWHGSDSHUERDUG
LQEHDULQJRQHODVWRPHULFEHDULQJSDGVODLGXQGHUHDFKRIWKHJLUGHUV>@
,QRUGHUWRUHDOLVHWKHDQFKRUDJHVIRUWKHORQJLWXGLQDOSUHVWUHVVLQJV\VWHPWKHH[LVWLQJFURVVJLUGHUVRQWKHSLHUV
ZHUHUHEXLOWDQGWKHFURVVJLUGHUVIURPWKHVSDQVZHUHFRQVROLGDWHG$IWHUZDUGVWKHVHFURVVHOHPHQWVZHUHSUHVWUHVVHG
ZLWKDIRUFHRIDERXWN1
)RU WKH VXSHUVWUXFWXUH WR EH WUDQVIRUPHG LQ D FRQWLQXRXV JLUGHU ILUVWO\ WKH *HUEHU MRLQWV ZHUH EORFNHG ZLWK
LQYHQWRU\VWHHOGHYLFHVDQGWKHQWKHVWUXFWXUHZDVPDGHHIIHFWLYHO\FRQWLQXRXVE\UHDOL]LQJVRPHPRQROLWKUHLQIRUFHG
FRQFUHWHDUHDV)LJ

 
 )LJ&RQWLQXLW\DUHD )LJ7HPSRUDU\VXSSRUWIRUWKHFRQWLQXLW\DUHD
7KHVWUXFWXUHEHLQJFRQWLQXRXVDQGWKHFURVVFRQQHFWLRQVEHLQJUHDOL]HG)LJWKHORQJLWXGLQDOSUHVWUHVVLQJZLWK
VWUDLJKWH[WHULRUFDEOHVEHFDPHSRVVLEOHWKRVHEHLQJLQVHUWHGLQSURWHFWLRQWXELQJDQFKRUHGLQWKHFURVVJLUGHUVRQ
WKHSLHUV7KHSUHVWUHVVLQJRIWKHFDEOHVZDVPDGHRQHDFKVSDQVLPXOWDQHRXVO\DWWKHJLUGHUVZLWKDPRQRVWUDQG
MDFN7KHSUHVWUHVVLQJRIWKHVWUXFWXUHZDVUHDOL]HGLQWZRVWHSVWKHILUVWRQHEHIRUHWKHH[HFXWLRQRIWKHFRQFUHWH
RYHUOD\DQGWKHVHFRQGRQHDIWHUWKLVRQHZDVILQLVKHG
/DWHURQWKHROGFRQWUDFWLRQILVVXUHVLQWKHJLUGHUVZHUHVHDOHGE\LQMHFWLRQZLWKHSR[\UDLVLQV
,Q RUGHU WR UHDOLVH WKH FRQFUHWH RYHUOD\ WKH H[LVWLQJ VODEZDV URXJKHQHG DQG FRQQHFWRUVZHUHPRXQWHG DW WKH
H[WUDGRV RI WKH H[LVWLQJ JLUGHUV DQG RI WKH FRQVROLGDWHG FURVV JLUGHUV 6LPXOWDQHRXVO\ ZLWK WKH IRUPZRUN DQG
UHLQIRUFHPHQWRIWKHPRQROLWKVODE)LJ WKHHQFORVHGVWHHOHOHPHQWVIRUWKHSDUDSHWDQGWKHVXSSRUWGHYLFHIRU
FDEOHVDQGSLSHVDVDOVRWKHFROOHFWLQJJXWWHUZHUHPRXQWHGLQWKHSDUDSHWJLUGHU
)RUWKHFDVWLQJRIWKHVODEDSRXULQJVFKHGXOHZDVGHYHORSHGPHDQWWRKHOSSUHYHQWWKHRFFXUUHQFHRIH[SDQVLRQV
LQWKHVODELQWKHDOUHDG\SRXUHGDUHDVDQGDVDFRQVHTXHQFHILUVWO\WKHVSDQDUHDVZHUHFDVWHGDQGWKHQWKRVHRQWKH
SLHUV
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7KHHTXLSPHQWRIWKHEULGJHGHFNFRQVLVWHGLQPRXQWLQJWKHZDWHUFROOHFWLQJV\VWHP)LJRQWKHSDUDSHWJLUGHU
PRXQWLQJRIWKHGLUHFWLRQDOSDUDSHWRXWRIJDOYDQL]HGVWHHOHOHPHQWVZDWHUSURRILQJRIWKHVODEDQGSRXULQJRIWKH
DVSKDOWOD\HU7KHH[SDQVLRQMRLQWVIURPWKHH[WUHPLWLHVRIWKHEULGJHGHFNZHUHFRYHUHGZLWKELWXPHQHODVWRPHULF
V\VWHPV

 
 )LJ7UDQVYHUVDOSUHVWUHVVLQJ )LJ6ODEUHLQIRUFHPHQW
7KHDQWLFRUURVLYHSURWHFWLRQRIWKHFRQFUHWHZDVDSSOLHGDVZHOORQWKHROGEULGJHGHFNDVDOVRRQWKHLQWUDGRVRI
WKHQHZVODEDIWHUDSURSHUSUHSDUDWLRQRIWKHVXUIDFHV
7KHH[SDQVLRQMRLQWVIURPWKHHQGVRIWKHEULGJHGHFNZHUHFRYHUHGZLWKELWXPHQHODVWRPHULFV\VWHPV>@
7KHHTXLSPHQWRI WKHEULGJHZDVVXSSOHPHQWHGZLWKDFFHVV VWDLUVDQGZDWHUGUDLQLQJV\VWHPVPRXQWHGRQ WKH
HDUWKZRUNDWERWKEULGJHH[WUHPLWLHV
$VD HQYLURQPHQWSURWHFWLRQPHDVXUH K\GURFDUERQ VHSDUDWRUVZHUHPRXQWHG LQ WKH DUHDRI WKHZDWHUGUDLQLQJ
V\VWHPV
7KHSLHUHOHYDWLRQZDVFOHDQHGDQGUHSDLUHGZLWKHSR[\PRUWDUVDQGWKHDUHDZLWKLPSRUWDQWHURVLRQVWKHDUHD
ZKHUHWKHZDWHUOHYHOLVIUHTXHQWO\FKDQJLQJZDVUHEXLOWE\JXQLWLQJLQWKHSUHVHQFHRIDUHLQIRUFHPHQWQHWZRUN
7KHZRUNVZHUHILQLVKHGE\DUUDQJLQJWKHULYHUEHGLQWKHEULGJHSUR[LPLW\LQRUGHUWRSURYLGHDJRRGIORZUDWH
7KHEULGJHZDVJLYHQLQH[SORLWDWLRQLQ1RYHPEHUDIWHUWKHGHFRPPLVVLRQLQJRIWKHE\SDVV
2.2. The bridge for the bypass 
 
 )LJ7HPSRUDU\EULGJH±FURVVVHFWLRQ )LJ7HPSRUDU\EULGJH±LQH[SORLWDWLRQ
53 Adrian Bota and Dorian Bota /  Procedia Engineering  156 ( 2016 )  48 – 53 
)RUWKHWUDIILFWRGHYHORSLQQRUPDOFRQGLWLRQVGXULQJWKHH[HFXWLRQSHULRGDE\SDVVZDVUHDOL]HGSDUDOOHOWRWKH
H[LVWLQJURDGZKLFKDVVXUHVWKHFURVVLQJRIWKH7LPLV5LYHURQDWHPSRUDU\EULGJH>@
7KHWRWDOOHQJWKRIWKHE\SDVVZDVPPIRUWKHURDGDQGPIRUWKHEULGJH
7KH DSSURDFK UDPSV WR WKH WHPSRUDU\EULGJHZHUHGHVLJQHGZLWK D VLQJOH ODQH DQG D VLQJOH VORSHRI ,Q
ORQJLWXGLQDOSURILOHWKHJUDGLHQWZDVEHWZHHQDQG7KHURDGVWUXFWXUHZDVFODVVLFKDYLQJWZRDVSKDOWLF
OD\HUVRQEDOODVWDQGNH\VWRQHIRXQGDWLRQ
7KHWHPSRUDU\EULGJHZKLFKDVVXUHGWKHFURVVLQJRYHUWKH7LPLV5LYHUZDVHPSODFHGGRZQVWUHDPRIWKHH[LVWLQJ
EULGJHDQGKDGVSDQVUHDOL]HGRXWRILQYHQWRU\VWHHOEULGJHGHFNV)LJDQG)LJ
7KHLQWHUPHGLDWHLQIUDVWUXFWXUHVZHUHVWHHOSLOHVHDFKKDYLQJSLHFHVRIVWHHOSLSHLQODLGLQWKHJURXQG
E\YLEUDWLRQGRZQWRDGHSWKRIDERXWPXQGHUWKHJURXQGOHYHO
$IWHUWKHGULYLQJWKHSLSHVZHUHILOOHGZLWKWLJKWVDQGDQGFORVHGZLWKDFRYHUDWWKHXSSHUSDUW
7KLVRSHUDWLRQDOORZHGWKHORDGGLVWULEXWLRQIURPWKHOLYHDQGGHDGORDGWRGHYHORSRQWKHHQWLUHVHFWLRQZLWKD
GLDPHWHURIPPDQGQRWRQO\RQ WKHDUHDGHILQHGE\ WKHZDOO WKLFNQHVVRI WKHSLSH7KHFDUULDJHZD\RQ WKH
WHPSRUDU\EULGJHLVUHDOL]HGRXWRIFPDVSKDOWLFFRQFUHWH%$

 
 )LJ&RQVROLGDWHGEULGJH±LQH[SORLWDWLRQ )LJ&RQVROLGDWHGDQGHTXLSSHGEULGJH
$WWKHSUHVHQWWLPHWKHUHLQIRUFHGFRQFUHWHEULGJHVXEMHFWWRFRQVROLGDWLRQE\H[WHUQDOSUHVWUHVVLQJLVJLYHQLQ
H[SORLWDWLRQ)LJDQGXQGHUWDNLQJWKHLQWHQVHDQGKHWHURJHQHRXVWUDIILFIURPWKHDUHDLQYHU\JRRGFRQGLWLRQV
$FNQRZOHGJHPHQWV
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SHULRGZLWKWKHFRQVWUXFWRU6&32'&216758&765/7LPLVRDUDUHSUHVHQWHGE\GLSOLQJ6WHIDQ&RVWLQP\JRRG
IULHQGDQGIRUPHUKLJKVFKRROFODVVPDWH,DSSUHFLDWHWKDWKHXQGHUVWRRGHDFKWLPHWKDWWKHTXDOLW\RIWKHZRUNVKDVWR
EHDSULRULW\
5HIHUHQFHV
>@6&$3(&&65/7LPLVRDUD5HDELOLWDUHSRGSH'-NPSHVWHUkXO7LPLVOD$OELQD&RQWUDFW
>@5:(QJLQHHULQJ±(ODVWRPHULFEHDULQJSDGV([SDQVLRQMRLQWV
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